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Scientists are fascinated by the complex micro- and nanostructure of the human brain, which has been
visualized by means of modalities such as magnetic resonance, ultrasonic and optical imaging. X-ray-
based techniques, however, have hardly been considered because the conventional absorption-based X-
ray imaging provides only a weak contrast for physically soft tissues in general and brain tissues in
particular, see e.g. [1]. Contrary to absorption modalities, X-ray phase contrast imaging is better suited
for soft tissue visualization even resolving individual cells within the brain post mortem [2]. Today, we
can image paraffin-embedded Purkinje cells even using advanced laboratory sources [3,4] and their
subcellular structures including dendritic trees and nucleoli at synchrotron radiation facilities [5].

Recently, the X-ray nano-holotomography (XNH) has been established at the ID16A nano-imaging
beamline, European Synchrotron Radiation Facility (Grenoble, France) [6] allowing hard X-ray
tomography with a spatial resolution well below 100 nm [7].

The purpose of the study is the non-destructive three-dimensional imaging of volumes close to one cubic
millimeter from formalin-fixated and paraffin-embedded human cerebellum with a spatial resolution
beyond the optical limit. Brain specimens from donated bodies were treated according to established
histology protocols, i.e. fixed in 4 % histologically grade buffered formalin, dehydrated in ethanol,
cleared in xylene and embedded in paraffin. Cylinders 0.5 to 0.7 mm in diameter were cut from the
blocks. As the cylinders were larger than the field of view, local XNH measurements were performed.
Four tomography datasets were acquired by placing the sample at preselected distances between the
focus and the FReLoN detector. The high-brilliance coherent X-ray beam with a photon energy of
17 keV was focused to a spot of 25 nm x 37 nm by means of a pair of Kirkpatrick-Baez mirrors. Each
set of radiographs for the given rotation angle was normalized with respect to the incoming beam,
brought to the selected magnification, aligned and processed with an adapted contrast transfer function
algorithm to determine the phase shift. To retrieve the local electron densities, we applied the filtered
back projections using PyHST2. Subsequent to tomography, the block was sectioned to slides 4 um thin
for histological examination. The software package VGStudio MAX 2.0 (Volume Graphics, Heidelberg,
Germany) served for the segmentation and visualization.
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The multiscale approach began with a fast overview scan with an effective detector pixel length of
130 nm. This scan supported the selection of subvolumes in the holotomography configuration, where
pixel lengths down to 25 nm were used. Figure 1 represents tomography data acquired with an effective
voxel length of 50 nm. The data permit the imaging of individual Purkinje neurons including their sub-
nuclear details and the semi-automated segmentation by intensity-based region-growing, see Figure 1.
The granule and stellate cells have a distinctive electron density. Thus, the adaptive intensity
thresholding is sufficient for automated quantification with 97 % success.

We demonstrate that XNH non-destructively resolves the brain nanoanatomy ex vivo in 3D without
staining. As there is a direct correlation between size, shape, or topology of neurons and brain disorders,
XNH combined with sophisticated computational tools will support the diagnosis and improved
understanding of brain pathologies.
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Figure. 1. 50 nm-thin tomography slice of human cerebellum showing two Purkinje cells in its center
and a three-dimensional representation of Purkinje (light colors) and other neurons (green color).
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